Combining activated sludge cultures with microbes harboring specific degradation pathways could constitute a relevant process for the removal of toxic and recalcitrant organic substances from wastewater. Enhanced removal of three widely used recalcitrant pesticides from their liquid mixture was demonstrated by implementing a non-acclimated mixed culture of bacteria and white rot fungus. During an incubation period of 14 days, the mixed fungusbacteria culture achieved 47, 98, and 62% removal of aldicarb, atrazine and alachlor from the liquid phase, respectively. This compared favorably to batches containing only nonacclimated fungus or previously published removal rates with non-acclimated bacterial cultures. Biosorption along with biodegradation was responsible for the removal of the pesticides from the liquid phase. Potential application modes of the studied biodegradation process were also discussed.
Introduction 1
The use of pesticides is ubiquitous in modern agriculture and is important to increase crop yield and 2 reduce post-harvest losses. However, indiscriminate and excessive use of agricultural pesticides can 3 lead to contamination of land and water. Emissions of pesticides come from both diffuse and point 4 sources. The latter include mixing and loading facilities on the farm where spillages and leakages 5 from the filling operation and spray equipment, and water from rinsing and cleaning of the 6 equipment may contribute to pesticide contamination [1] . Wastewater generated in vegetable 7 washing facilities and pesticide manufacturing plants are also important point sources of pollution. To date, the number of studies investigating novel treatment techniques for the removal of 24 pesticides from contaminated agricultural wastewater remains limited. The bacteria-dominated 25 conventional activated sludge process has been proved to be ineffective for pesticide removal.
While the importance of a mixed microbial community to initiate and complete pesticide removal With the aim to address the important knowledge gap illustrated above, in this study the 36 removal of three pesticides from their mixture using a mixed culture of bacteria and white rot fungi Shibaura wastewater treatment plant, Tokyo, Japan was utilized for obtaining the mixed culture.
60
The sludge was centrifuged under 2150 x g and reconstructed with Milli-Q water. The ) as the nitrogen source instead of urea. The initial pH of the media was 4.5. 
Batch test description

68
The test solution was prepared by adding specified amounts from each of the pesticide stock 
Analytical methods
81
The pesticide concentrations were measured using HPLC coupled to a diode array detector (TOC-V, Shimadzu, Japan). The activity of fungal enzyme (Laccase) was measured by monitoring 87 the change in absorbance at 468 nm due to the oxidation of the substrate (2,6-dimethoxyphenol) by 88 enzyme at room temperature over a 2 min period as described in a previous study [9] . 
119
The success of the fungus-bacterial mixture for removal of atrazine and alachlor can be 120 explained in analogy to a relevant observation made in the soil environment by Levanon [13] . It 121 was reported that the mineralization of alkyl-side chains of alachlor and alkyl-amino-side chains of 122 atrazine was mainly due to fungal activity. However, neither heterocyclic ring-labelled atrazine nor 123 aromatic ring-labelled alachlor were degraded when fungi or bacteria were separately inhibited.
124
The importance of combining fungi and bacteria can be further recognized by comparing the 
Fungi morphology and extent of biosorption
136
For the fungus-bacteria mixture, the initial distinct fungus granules appeared disintegrated 137 at the end of the incubation period. Disintegration, but to a lesser extent, was also observed when In the case of aldicarb, there is a slight increase in concentration between day 7 and day 12.
151
However, for atrazine there is a clear decrease to nearly non-detectable levels, and for alachlor the 152 concentration remains stable between day 7 and day 14 (Figure 1a ). This suggests that it was not 153 biosorption alone that was responsible for the pesticide removal, but biochemical degradation also 154 played a role, at least for atrazine. No biodegradation or biosorption of atrazine was noticed in synergistic biodegradation of atrazine by the fungus-bacteria mixed culture following its initial 158 biosorption appears to be very likely. Thus despite comparatively more pronounced disintegration 159 of the biomass as well as the reduction of residual nutrient levels in test solution (Figures 2 and 3) 160 the bioaugmented culture demonstrated better removal.
161
As described in section 3.1, the pesticide removal rate by the fungi-bacteria culture was 
